Background: The treatments of primary central nervous system lymphoma (PCNSL) and glioblastoma (GBM) are different; therefore, accurate diagnosis is crucial for the therapeutic planning. Although there is overlap of features on conventional magnetic resonance (MR) images between PCNSL and GBM, the PCNSL has specific features, which are different from those of GBM on conventional MR images. Objectives: The current study aimed at characterizing specific features of PCNSL by comparing them with conventional MR images of GBM, and improving diagnostic accuracy at the time of initial presentation.
Background
Primary central nervous system lymphoma (PCNSL) is a rare malignant tumor that accounts for 2% -6% of all primary brain tumors and 1% -2% of all non-Hodgkin lymphomas (1). The incidence of PCNSL increased over recent years in immunocompetent patients (2) (3) (4) . Glioblastoma (GBM) is the most frequent and severe glioma subtype that accounts for about 50% of diffuse gliomas (5) . PCNSL is very chemo-and radiosensitive, and surgical resection does not improve the outcome (6) . In contrast, the primary treatment for GBM is surgical resection followed by radio-and chemotherapy (5, 7) . Since the treatments for PCNSL and GBM differ, accurate diagnosis is very important at the time of initial presentation. Since conventional MR features of PCNSL and GBM overlap, misdiagnosis can be made at the time of initial presentation. of 51 ± 15 years) and 13 patients with GBM (seven males, six females, age range of 30 -68 years, mean age of 50 ± 12 years) examined in Renmin Hospital of Wuhan University, Wuhan from January 2014 to March 2017 were reviewed retrospectively. All the patients with PCNSL were pathologically proven (14 patients by stereotactic biopsy and seven patients by surgical excision) diffuse large B-cell lymphoma (DLBCL) and all patients with GBM were pathologically proven by surgical excision (World Health Organization [WHO] grade IV). All the patients with PCNSL had no evidence of systemic lymphoma (no abnormalities were observed in bow marrow aspiration and blood test, and no lymphadenopathy was observed in body CT scan), immunocompromised disease, or use of an immunosuppressant. The current retrospective study obtained verbal consent from the review board and ethics committee of our institution.
All patients were subjected to non-contrast and contrast enhancement that included axial T1-weighted imaging (T1WI) and T2-weighted imaging (T2WI), sagittal fluidattenuated inversion recovery (FLAIR), and intravenous gadolinium contrast enhancement (axial, coronal, and sagittal) with a 1.5-T MRI scanner (GE Signa HDi, USA) within two weeks before surgical excision or biopsy. MRI parameters were as follows: T1WI (repetition time [TR] 2000 ms, echo time [TE] 10 ms, inversion time [TI] 800 ms), T2WI (TR 3000 ms, TE 80 ms), FLAIR (TR 11000 ms, TE 120 ms, TI 2800 ms), thickness 6 mm, interval 10 mm, field-of-view (FOV) 24 × 24 cm; contrast agent gadolinium diethylenetriaminepentaacetic acid (Gd-DTPA), dosage 0.2 mM/kg. All image data were transferred to a picture archiving and communication system (PACS) system and analyzed by two experienced radiologists blinded to the pathology results. Lesion location, number, morphology, specific features, enhanced patterns, peritumoral edema, and hemorrhage were recorded. Features, patterns, and degree of edema are presented in Table 1 . Signal intensity on T1WI and T2WI was stratified as hyper-, iso-, and hypointense compared with gray matter. Categorical values were analyzed using the chi-squared test. A P value < 0.05 was considered statistically significant. Analyses were performed with SPSS version 13.0.
Results
Patient data and MR findings of PCNSL and GBM at the initial presentation are summarized in Table 2 . Differences in gender predominance (P = 0.491) and mean age ± standard deviation (SD) (PCNSL 51 ± 15 years, GBM 50 ± 12 years, P = 0.866) between PCNSL and GBM groups were not statistically significant. A total of 44 lesions were PCNSL. Of these, 52.4% of cases were single lesions, and only 9.5% were in the infratentorial region. A total of 16 lesions were GBM. Of these, 84.6% of cases were single lesions, and all 16 lesions were in the supratentorial region. Differences in type and location of lesions were not statistically significant between the PCNSL and GBM groups (P = 0.075 and P = 0.513, respectively). PCNSL lesions exhibited worm-like (50%), nodular (29.5%), mass-like (9.1%), and patchy infiltrative (11.4%) appearances (Table 2) . PCNSL preferentially occurred in deep white matter, basal ganglia, and periventricular areas (36.4% in the frontal lobe, 18.2% in basal ganglia, 11.4% in the periventricular area, 11.4% in the corpus callosum, 9.1% in the parietal lobe, 4.5% in the cerebellum, 2.3% in the occipital lobe; the frontal lobe and corpus callosum were affected concomitantly in 6.8% of cases). The frontal lobe was the most common site, and three cases showed concomitant involvement of the frontal lobe and corpus callosum with a "butterfly sign" or "mirror image" ( Figure 1A -C). One PCNSL case (4.8%) was heterogeneously enhanced due to central necrosis ( Figure 1D -F), while the other lesions were homogeneously enhanced. Part of one subcortical lesion was wrapped around the cortex giving the appearance of a crescent ( Figure 1G ). A "notch" sign ( Figure 1H ) was observed in 25% of cases, and open-ring enhancement ( Figure 1J and Figure 2A GBM lesions exhibited nodular, mass-like, and patchy infiltrative morphology and none appeared worm-like. GBM lesions were observed in all supratentorial lobes (56.3% in the frontal lobe, 25% in the occipital lobe, 12.5% in the parietal lobe, and 6.3% in the temporal lobe), and the frontal lobe was the most common site. Overall, 81.3% of lesions had a mass-like appearance, 12.5% had a patchy infiltrative appearance, and 6.2% had a nodular appearance.
Only one case (7.7%) exhibited intratumoral hemorrhage (Table 2) Leptomeningeal involvement ( Figure 3F and 3G) presented both in GBM and PCNSL subcortical lesions (five cases in GBM, one case in PCNSL). There were no signs of cranial nerve involvement in GBM and PCNSL.
Discussion
PCNSL and GBM are malignant brain tumors that can lead to a poor outcome and prognosis if correct treatments are not achieved at the time of initial presentation (4). PC-NSL is very chemo-and radiosensitive, and surgical resection does not improve the outcome (6) . In contrast, the primary treatment for GBM is surgical resection followed by radio-and chemotherapy (5, 7). Thus, correct diagnosis at initial presentation is crucial to choose the treatment (8) . No specific MRI features are reported to diagnose PCNSL (9) and it is difficult to morphologically differentiate between PCNSL and GBM by MRI (5) . However, the current study showed that PCNSL had specific features and patterns on conventional MR images that differed from those of GBM and may be helpful to differentiate the two types of tumor.
The mean age of patients with PCNSL at initial diagnosis was 51 ± 15 years, which was similar to those of previous reports (10) . There was no significant differences in gender ratio (P = 0.491) or mean age (P = 0.866) between the PCNSL and GBM groups. PCNSL lesions presented both in infraand supratentorial regions, while GBM lesions were more likely to occur in supratentorial regions. However, this localization difference was not statistically significant (P = 0.513). The frontal lobe was the most common site affected by PCNSL and GBM. It is reported that 27% -49% of PCNSLs are in the frontal lobe (1, 10) , and PCNSLs are more likely to Iran J Radiol. 2019; 16(1):e78868. 5 b Nodular: maximum diameter of lesion < 3 cm, mass-like: maximum diameter of lesion ≥ 3 cm.
c Level of significance at P < 0.05.
occur in deep white matter, basal ganglia, and periventricular areas (1, 10) , consistent with the results of the current study.
Although superficial lesions of PCNSL are common (2), subcortical lesions are more frequent in GBM than PC-NSL. Both PCNSL and GBM subcortical lesions can reach the surface of the brain, causing adjacent leptomeninges linear enhancement (Figure 3F -G) . In the current study, leptomeningeal involvement abutting subcortical lesions was observed in five GBM cases and one PCNSL case. In addition, it was observed that some PCNSL subcortical lesions conformed to cortical morphology. The PCNSL subcortical lesions wrapped around the cortex, forming a crescent shape ( Figure 1G ). This feature suggested pliable and infiltrative properties. None of the GBM lesions showed this feature.
The parenchymal signal intensities of PCNSL and GBM on non-contrast enhanced images were non-specific due to similar organizational structures such as hypercellularity and a high nucleus/cytoplasm ratio. On CE imaging, all PCNSL lesions, except one lesion with central necrosis, were homogeneously enhanced. In contrast, all GBM lesions were heterogeneously enhanced. This difference was statistically significant (Table 2 ) and consistent with a previous study (5) .
The different appearances and patterns on contrast enhanced images were analyzed (Table 2 ). Most PCNSL lesions had worm-like (50%) and nodular (29.5%) appearances, and almost all worm-like lesions were in periventricular or deep white matter areas. In contrast, most GBM lesions had a mass-like (81.3%) appearance, and all lesions were in subcortical or white matter areas. No worm-like appearance was observed in GBM lesions. Only five and two patchy infiltrative lesions were observed in PCNSL and GBM cases, respectively, with no statistically significant difference. Two ring enhancement lesions were observed in PCNSL. One was caused by central necrosis, and the other was caused by a worm-like growth pattern that mimicked the openring enhancement pattern.
Hemorrhage and internal calcification are rarely observed in PCNSL lesions (6), but they are common in GBM (5) . This contributes to the homogeneous signal intensity on non-contrast and contrast enhanced MR images of PC-NSL. In the current study, none of the PCNSL lesions exhibited hemorrhage or calcification. In addition, hemorrhage was rarely observed in GBM lesions. Only one GBM lesion exhibited hemorrhage, which was inconsistent with the results of previous studies (2, 5) . However, this result may be due to the small GBM cohort in the current study.
Perilesional edema implies disruption of the bloodbrain barrier and diffuse infiltration of tumor cells. A previous study reported that the degree of perilesional edema in PCNSL was less significant than those of high grade glioma and metastases (2) . However, the current study results were inconsistent with this finding. In the current 6
Iran J Radiol. 2019; 16(1):e78868. study patient cohort, perilesional edema in PCNSLs was moderate to marked, and there was no significant difference between PCNSL and GBM ( Table 2 ). This discordance may be due to different definitions of degree of perilesional edema. The current study identified the following specific features and patterns that demonstrate significant differences between PCNSL and GBM: (1) Notch sign. This sign was defined as a focal depressed margin of the lesion, and it was first reported by Zhang et al. (10) . In the current cohort study, 25% of PCNSL lesions manifested a "notch sign", which suggested an irregular growth pattern as well as pliable and infiltrative properties. None of the GBM lesions showed this pattern (P < 0.001); (2) Necrotic or cystic component. A necrotic or cystic component is rare in PCNSL (11), but common in GBM (5), and the current study was consistent with this finding. Only one PCNSL case (4.7%) exhibited intratumoral necrosis, while 11 GBM cases (84.6%) exhibited a necrotic or cystic component. This difference was significant (P < 0.001). However, intratumoral necrosis in PCNSL is considered common in T-cell lymphoma and immunodeficient patients (1); (3) Open-ring enhancement. This feature is considered a specific sign to differenciate large, contrast-enhancing, demyelinating lesions from neoplasms and infection (12) . The ring of enhancement is thick and uniform in PCNSL rather than thin and non-uniform in atypical brain demyelination. This sign suggests pliable and infiltrative properties of PCNSL. Ring enhancement in PCNSL was reported in the literature (10), but it was more frequent in AIDS-related PCNSL than in non-AIDS PCNSL (1). Although one lesion exhibited openring enhancement and one case exhibited ring enhancement in PCNSL, none of the GBM lesions had this pattern; (4) Intratumoral flow void vessel. GBM and PCNSL display different vascular features. Functional MRI studies demonstrated that PCNSL had lower relative cerebral blood volume (rCBV) than GBM (7, 13, 14) . This difference can be explained by active angiogenesis of GBM that leads to more extensive vasculature in GBM than in PCNSL. In the current study, all GBM lesions manifested intratumoral flow void vessels on T2WI and/or CE images ( Figure 3A -E) , but none of PCNSL lesions presented this feature. IVE could be observed both in PCNSL and GBM lesions ( Figure 2C -J) . IVE was detected in 28.6% of PCNSL cases and 92.3% of GBM cases, and the difference was statistically significant (P < 0.001). IVE appeared differently in MR images of PCNSL and GBM. IVE in PCNSL manifested as a single, uniform linear enhancement within the lesion and along the shape of the lesion. This feature was observed in all worm-like PCNSL lesions. In contrast, IVE in GBM manifested as multiple, nonuniform, irregular linear enhancements ( Figure 2G -J) .
The "mirror image" or "butterfly pattern" was defined as symmetrical lesions that involve the frontal lobe and genu of the corpus callosum. This pattern was observed in three patients with PCNSL but none of the patients with GBM. Since GBM is an infiltrative malignant tumor, the "butterfly pattern" was reported in GBM cases in the literature (15) . Thus, the "mirror image" or "butterfly pattern" is a non-specific feature that cannot be used to differentiate PCNSL and GBM. Functional MRI and histopathological studies demonstrated that PCNSL had higher vascular permeability and blood flow compared with GBM (13, 16) . GBM shows vascular integrity despite endothelial proliferation, whereas PCNSL shows loss of vessel architecture, which promotes vascular disintegrity (13) . This loss of vessel integrity leads to contrast agent leakage and retention in the interstitial space of PCNSL lesions, which exhibit moderate to marked enhancement.
PCNSL can involve cranial nerves, and cranial nerves can be the only involved site. According to published data, 15% -25% of patients with PCNSL had ocular involvement (17) . Malikova et al. (5) , reported that 42.6% of PCNSL cases involved optic pathways, 5.6% of cases involved other cranial nerves, and one case exhibited solitary auditory nerve involvement without other lesions. Ohta et al. (17) , reported a patient with PCNSL with ocular involvement. In the current study, no cranial nerves showed any signs of involvement. However, cranial nerve and leptomeningeal involvement are very common in secondary central nervous system (CNS) lymphoma (2). The current study had several limitations. First, the number of patients in the current cohort study was small. Only 21 PCNSL and 13 GBM cases were included. All the cases with PCNSL were of the diffuse large B-cell lymphoma (DLBCL) subtype. Therefore, selective bias could not be avoided. Second, although functional MRI (such as diffusion-weighted imaging, magnetic resonance spectroscopy, perfusion-weighted imaging) was useful to differentiate PCNSL and GBM when conventional MRI findings overlap (7), only some of the current study cases were examined by functional MRI techniques and a statistical comparison was not possible. A larger number of patients and wider application of advanced MRI techniques are needed for further studies.
In summary, PCNSLs can involve both infra-and supratentorial regions, and typical locations include the frontal lobe, basal ganglia, and periventricular white matter. The lesions can be worm-like, nodular, mass-like, or patchy in appearance with homogeneous enhancement. Due to pliability of PCNSLs, subcortical lesions can wrap around the cortex, giving rise to a crescent appearance. Open-ring enhancement, "notch sign", and homogeneous enhancement with regular IVE can be specific features to differentiate PCNSL from GBM. Although IVE is observed both Iran J Radiol. 2019; 16(1):e78868. 7
in PCNSL and GBM, and there is no significant difference between them, IVE patterns differ in PCNSL and GBM images, which should be considered. Intratumoral vascular flow voids only manifest in GBM lesions. Necrotic or cystic components within the lesion cannot exclude PCNSL, but they are rare. Finally, the current study observed that PC-NSL showed specific features and patterns on conventional MRI. Thus, conventional MRI, especially contrast enhanced MRI, is a reliable technique to diagnose PCNSL and GBM at the time of initial presentation.
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